ous phase in many studies; various methods have been used for the research of different oil/water (surfactant solution) interfaces, for example, interface tension (1,2,7), X-ray spectroscopy (18) , second harmonic generation (19) , zeta potential (20) (21) (22) and fluorescence microscopy (23) measurements.
Sodium laurate (NaLA) is a famous conventional surfactant, and its hydrolysis in solution has been reported by many investigators (24) (25) (26) (27) . However, they carried out their investigations not from the kinetic viewpoint, but only in aspects relating to the colloidal and /or interfacial nature of soap solutions. We have found that as soon as an oil phase is placed on the aqueous solution of NaLA, the instantly formed oil/water interface layer, having a certain thickness, can offer a field promoting hydrolysis of NaLA. In parallel with this, hydrolyzed species of lauric acid (HLA) molecules are quickly transferred into the oil phase; in this situation another species of hydrolyzed NaLA, which is composed of hydroxyl ions (OH ) as well as sodium ions, remains in the aqueous phase, and accordingly, a pH rise takes place. The rate of hydrolysis promoted in the interface layer may be assumed to be the same as the rate of transfer of HLA species from water to oil phase, otherwise the hydrolysis would be much faster than the transfer, suggesting that the rate of hydrolysis or the transfer can be measured by a pH meter.
To observe events occurring accompanied by the hydrolysis of NaLA in the interface layer, we examined the effects of varied oil phases: the employed oil phases were benzene (Bz), dodecane (C 12 ), and dodecylbenzene (C 12 Bz). Further, in order to examine the effect of amphiphilic additives, we observed the reaction in Bz solutions of such amphiphiles as 1-hexadecanol (C 16 OH) and cholesterol (Ch), the solubility of which is very low in water. That is, the respective single amphiphiles and these mixtures at varied concentrations were added into Bz. These additives are able to be adsorbed at the interface layer due to their hydrophilic group (hydroxyl group) and may form mixed reverse micelles with hydrolyzed HLA molecules to transfer from the interface layer to the bulk phase of oil. We have paid special attention to reactions taking place at such interface layers followed by mass transfer across the oil/water interface. In the previous study (28) , the hydrolysis and transfer of NaLA has been investigated from the view point of kinetics: the rate was confirmed to be that of a first order reaction and it was measured using a pH meter as a function of temperature. From the Arrhenius plot or Eyring plot thermodynamic parameters such as activation energy, activation enthalpy and entropy were determined. The physicochemical phenomena were discussed based on these thermodynamic parameters.
During the transfer of HLA into oil phase, simultaneous transfer of Bz into aqueous phase was also observed, therefore, it was concluded that the rate constants as well as the partition coefficients between oil and water phases are literally apparent ones. In the previous study, the results of thermodynamic analysis and discussions were restricted to the events related to the activation process at the interface layer and no thermodynamic discussion was made of the results in terms of the estimated concentration of HLA at partition equilibrium between 0.050M NaLA solution and different oil phases. So in this paper, we will make a thermodynamic examination of the partition of HLA.
Materials and Methods
Sodium laurate, NaLA (of guaranteed grade) purchased from Nacalai Tesque, benzene, Bz (of spectrophotometric grade), dodecane, C 12 , (of guaranteed grade), 1-hexadecanol, C 16 OH (of practical grade) and cholesterol, Ch (of biochemical grade) purchased from Wako Pure Chemical Industries Ltd. were used without further purification. Dodecylbenzene, C 12 Bz (of guaranteed grade) was obtained from Tokyo Kasei Kogyo Co. The aqueous solution of NaLA was prepared using ultrapure water (Millipore WQ500).
The experimental system was set up by placing the oil (15 mL) on the surface of an aqueous solution of 0.050M NaLA (20 mL) mainly at 0.050M and also at varied molarities in a closed cell. After placing of the oil with a Pharmacia Peristaltic Pump P1 on the aqueous phase, the solution was stirred at a constant speed (approximately 250 rpm) during the pH measurement. The pH of the aqueous phase was measured with a TOA pH meter model HM-60S at various temperatures. The obtained pH data were input at 3 or 7 minute intervals to a personal computer.
For each determination of solubility of HLA in the three oil solvents at 25 , a known amount of HLA powder and fixed amounts of the respective oil solvents were placed in a test tube (30 cm 3 of inner volume, immersed in a thermostated bath) to be mixed by agita-2 tion with a small stirrer, and then the respective oil solvents were added stepwise at regular intervals, using a microburette up to a sudden increase in transparency (disappearance of HLA powder) which was observed by visually. The solubility in molality was calculated on the basis of the mass in g divided by molar mass (g mol 1 ) of HLA and the product of the solvent volume (cm 3 ) times its density (g cm 3 ) , while that in molarity was approximated as mass over molar mass (mol) divided by the total volume (in dm 3 ) of each solvent.
Results and Discussion

1 Introductory Discussion
Based on the following findings and consideration, we begin our observation of the present study.
As soon as an oil phase was placed on the aqueous solution of 0.050M NaLA slightly colored with phenolphthalein at pH 9.7, a remarkable color change into deep red was found to take place at the oil/water interface. Considering that the pH was kept constant at 9.7 before contacting the aqueous phase with oil phase, the sudden change in color to deep red suggests that a hydrolysis phenomenon of NaLA might have occurred at the interface, the physicochemical condition of which might be considerably different from both bulk phases. The existence of the clearly visible interface reaction gave us the insight that it might have a certain thickness and would allow us to regard it as formation of an "interface layer" in which properties such as dielectric constant, viscosity, charge density etc. are considered to be different from those of bulk phase of the aqueous solution or of bulk oil phase.
Here, the interface layer is assumed to correspond to a stage at which LA ions coming from bulk side react with H 2 O molecules to produce OH ions and HLA molecules. Due to the very low solubility of HLA molecules in water, they may form aggregates such as dimmers or multimers. Since NaLA molecules having a hydrophobic group are easily adsorbed (highly concentrated in the interface layer), they may solubilize the hydrophobic HLA in ordinal micelles (formation of mixed micelles) or in reverse micelles (formation of mixed reverse micelles). When amphiphiles are contained in the oil phase, their molecules are also adsorbed at the interface, and they can interact with HLA to join the formation of mixed reverse micelles or complexes with HLA molecules (See Scheme 2 in the previous paper (28) ). These different types of HLA aggregates cannot stay long in the interface layer due to high hydrophobicity but can move toward the bulk side of the oil phase and in parallel, HLA molecules solubilized by ordinal micelles may go behind in the aqueous bulk, while the high chemical potential of produced hydroxide ions tends to make the OH ions themselves leave the stage toward the bulk side of aqueous solution. On the other hand, LA ions (LA ) in the bulk solution can be constantly diffused to the interface layer by stirring and then join the hydrolysis reaction. In parallel with the above reactions, the dehydration of HLA as well as solvation by oil is considered to take place in the interface layer.
If such a situation as mentioned above is not a matter of speculation but of reality, the OH concentration or pH should increase with time. So we tried to measure the pH change in aqueous bulk phase over time. A tentative experiment successfully showed an increasing curve in the plot of pH vs. time (t). The pH rise made us judge that a first order reaction of hydrolysis of NaLA, accompanied by simultaneous transfer of HLA species across the oil/water interface toward the oil phase, was taking place.
Plotting the increased concentration of OH ions as the product of hydrolysis at time t, [OH ] t against t for all the systems examined, each curve was found to be of a first order reaction approaching a constant value (denoted as [OH ] 0 ); the relation is given as follows.
[ In the previous paper (28) all the data of [OH ] 0 and k for the respective systems at discrete temperatures were listed (in Table 1 ) and even in this paper the estimated values of [HLA] 0 are listed in Table 1 . Here it is noted (i) that in the interface layer, NaLA is supposed to be stationarily supplied from the bulk aqueous phase in which an equilibrium of hydrolysis of NaLA is always attained, and (ii) that while NaLA is very quickly subject to hydrolysis to produce OH ions and HLA molecules, simultaneously most or part of the HLA molecules start to come into the oil phase, or some part of them are solubilized to diffuse into the aqueous phase.
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Hydrolysis of Sodium Laurate Accompanied by Transfer into Oil Phases
In the kinetic study on the present systems, first of all we should examine how the reaction is affected by differing conditions such as the sort of solvent species of oil phase, the species of added amphiphiles, the combination of added amphiphile mixtures and their respective concentrations, in addition to temperature. Therefore, we employed three kinds of oil solvent, benzene (Bz), dodecane (C 12 ), and dodecylbenzene (C 12 Bz).
Here it is again noted that one of the aims of this study is to examine the effect of differences in the presence or absence of additives and their concentration on the hydrolysis/transfer reaction in the interface layer. The species of amphiphiles added to Bz were 1-hexadecanol (C 16 OH), cholesterol (Ch) and their mixtures at different concentrations.
The previous paper (28) reported that the higher [OH ] 0 value (corresponding to a saturated concentration of HLA in a given oil phase, [HLA] 0 at a partition equilibrium), in general, accompanies the higher rate constant. If the Gibbs-Helmholtz equation (or the van't Hoff plot) is applied to the temperature-dependent [HLA] 0 data, the thermodynamic parameters, such as DH , DS and DG upon dissolution of HLA into the given oil phase from the aqueous NaLA solution can be estimated.
It is seen in Table 1 , that the [HLA] 0 value ranges from 10 5 to 10 4 M; the data were the results obtained from the 0.050M aqueous NaLA solution and it is considered that compared to 0.050M the concentration of transferred HLA is surprisingly low and further examination is needed in regard to the dependence on NaLA concentration in water. So we examined the [HLA] 0 as well as the rate constant as a function of NaLA concentration. The results are shown in Fig.1. Figure 1 shows that below the CMC (36 mM) the concentration of transferred HLA increases with NaLA concentration, while above CMC, the concentration of HLA is lower than that at 0.020M NaLA (below CMC) and it shows a decreasing trend with raised concentration of NaLA. A very similar change was observed in the plot of rate constant k vs.
[NaLA] (not shown here). These results suggest that above CMC the solubilization of HLA (by ordinal NaLA micelles at the interface layer) accompanied by diffusion to the aqueous bulk phase may take place more easily (with higher probability) than aggregate formation of HLA to be transported into the oil phase. Probably this has resulted in the lower rate constants in the higher NaLA concentration range. It is considered that as HLA species solubilized by micelles move to the bulk side where pH is higher than 10, HLA will be subject to dissociation. The aggregate formation of HLA molecules to be transported into the oil phase should need complete dehydration and solvation by oil as well as highly ordered conformation to reduce the hydrophilicity; this will accompany an endothermic process and a decrease in entropy, meaning that the probability of transfer of HLA molecules becomes less.
Here, one thing that has to be done is to investigate the solubility of HLA in the respective oil solvents stud- Table 1 . The present solubility data tell us that the dissolution of HLA in the oil phase via interface layer from aqueous solution of NaLA is quite different from the direct dissolution of solid HLA (in air) into oil, because the former's HLA dissolution is that at partition equilibrium and neither hydrated LA ions nor hydrated NaLA salt can go through the interface layer due to the high energy barrier as reported previously (28) .
Consequently Table 2 . It is noted that as a matter of fact the partition coefficient should be confirmed to be constant over a given wide concentration range under respective given conditions such as temperature and concentration of additives.
However, as is known from the data listed in Table 1 , [HLA] 0 values are given at only one concentration of NaLA under each condition (but, each one is the mean value of at least three measurements), indicating that the determined K pt values are apparent ones. The apparent K pt values, nevertheless, should enable us to estimate an apparent standard Gibbs energy upon partition of HLA from the aqueous phase to the respective oil phases at varied temperature by applying the following equation.
∆G RT ln K pt (7) where, RT is the product of the gas constant and Kelvin temperature. Firstly, ∆G values estimated at each temperature were plotted against temperature for the respective pure organic solvents as is shown in Fig. 2 . Although data points are somewhat scattered, the temperature dependence for each system seems to be tolerably simulatable by the least square method for quadratic equations. Looking at Fig. 2 , Bz shows the lowest value, while C 12 has a different trend in temperature dependence from C 12 Bz but it may be said that both Figure 3 indicates the ∆G vs. T plots for C 16 OH added series systems at discrete concentrations of C 16 OH in Frame (a) and for C 16 OH/Ch added series systems at varied concentrations of C 16 OH with a constant concentration of Ch in Frame (b). Both series systems show that data points are rather well simulated by the least square method for quadratic equations except for a few systems (e.g., 0.008M C 16 OH system and 0.206M C 16 OH 0.008M Ch system). Although deviations of the measured points from the simulated curves are seen, it may be allowable for us to regard that the curves represent true values. Frame (a) show concave curves. On the other hand, Frame (b) demonstrates convex curves; addition of Ch to C 16 OH leads to reversal results. At present this complicated behavior in terms of additive concentration cannot be well interpreted; Ch might perturb the interface in cooperation with C 16 OH to lead to the unique behavior. Next, the ∆G vs. T curves are known to enable us to estimate the entropy change ∆S and the enthalpy change ∆H on the basis of Gibbs Helmholtz equations. The tangential slope of the curve, i.e., the partial derivative of ∆G with T at a constant pressure P is well known to correspond to the entropy change: 
and ∆H can be calculated from the relation: ∆H ∆G T∆S We determined ∆S values from the tangential slope of the curves shown in Fig. 3 at discrete temperatures and calculated ∆H values. All the thermodynamic parameters are listed in Table 3 .
Since it may be significant to examine how the entropies determined are related with the enthalpy values, the so called enthalpy-entropy compensation plots were made for the present partition equilibria of HLA between oil and water phases at different temperatures. Figure 4 shows that the plot of ∆H against ∆S resulted in a strictly linear relation (with a very high regression), the slope of which corresponds to the temperature called "compensation temperature" T c . Table 3 are plotted. Surprisingly all the data points gave us one straight line that is T c 307 K with R 2 0.9929. Further, the compensation phenomenon was separately examined for the C 16 OH added series system and the C 16 OH/Ch added series system, and the results are shown in Fig. 5 As has been described in the previous paper (29), a linear relationship between the entropy change and enthalpy change has been observed in a variety of processes involving small amounts of solutes in aqueous solutions. For instance, the hydration entropies have been found to have a good correlation with the hydration enthalpies of monovalent cations and anions (30) . The processes used include solvation of ions and nonelectrolytes, hydrolysis, oxidation-reduction, ionization of weak electrolytes, and quenching of indole fluorescence among other molecules (31) . Historically, this linear relationship has been called the compensation phenomenon (30) (31) (32) (33) (34) (35) or the compensation rule (or relation). Lumry and Rajender (L & R) once demonstrated the existence of a similar and probably identical relationship between enthalpy and entropy changes in a variety of protein reactions, suggesting that water in a liquid form plays a direct role in many protein processes and may be a common participant in the physiological function of protein. In addition, L & R have proposed that the linear relationship can be used as a diagnostic test for the level of participation of water in protein processes (31) . The compensation phenomenon was observed even for the micellization of ionic surfactants in water (29, 35) , of a nonionic surfactant in water and in a water-ethanol mixture (34) , and of ionic surfactants in polar nonaqueous solvents (36) .
Even in the paper (37) following the more previous work (29) , T c was found to be 307 8K for micelle formation of various surfactants in water, while based on extensive examination as for T c it was concluded that no specially significant meaning is found other than a geometrical mean temperature for each studied surfactant system. The T c value of the present study may in totality be assumed to be 307K (from Fig. 4 (b) ) and the average value T av is 308K (the geometrical average value is also 308K). Therefore, both values may be regarded as being approximately similar to that of the micellization of surfactants in water. It is noted that although the systems studied here are not proteins themselves, the present results are very true for the L & R's interpretation mentioned above.
Conclusion
The contact of aqueous NaLA solution with different oil phases (composed primarily of Bz, C 12 or C 12 Bz with and without added amphiphiles such as C 16 OH and Ch) was found to cause enhanced hydrolysis of NaLA. The reaction was traced by observation of pH rise in bulk water with time t, and the resultant pH-curves suggested that (1) the reaction kinetics are of first order, and (2) the rate constant (k) as well as the concentrations of hydrolyzed species of HLA transferred into different oil phases at a certain equilibrium ( 
